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(57) ABSTRACT

An apparatus for controlling an autonomous vehicle disclo-
sure may include a processor and a memory configured to be
operatively connected to the processor and to store at least
one code performed in the processor, wherein the memory
may store a code that, when executed by the processor,
causes the processor to control the autonomous vehicle to
travel on the basis of a distance from a preceding vehicle in
a travel lane in which the autonomous vehicle travels or a
preset speed, determine a risk level of a lane change on the
basis of a speed of the autonomous vehicle, a speed of a side
vehicle traveling in a target lane of a lane change, and a
distance between the autonomous vehicle and the side
vehicle upon occurrence of a lane change request, and
perform longitudinal or lateral control for the lane change on
the basis of the risk level.
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APPARATUS AND METHOD FOR
CONTROLLING AUTONOMOUS VEHICLE

STATEMENT REGARDING GOVERNMENT
SUPPORT

[0001] This invention was supported at least in part by
Ministry of Trade, Industry and Energy of South Korean
government for research project, the title of which is “Devel-
opment of Safety Evaluation Methods for Environment
Perception Modules and Fail-operation Technologies for
Autonomous Vehicles” (Project Number: 10062448) con-
ducted by KOOKMIN UNIVERSITY Industry Academic
Cooperation Foundation.

CROSS-REFERENCE TO RELATED
APPLICATION

[0002] This present application claims the benefit of pri-
ority to Korean Patent Application No. 10-2021-0097125,
entitled “Development of Automated Lane Change Algo-
rithm Considering Safety of Surrounding Vehicles,” filed on
Jul. 23, 2021, and No. 10-2021-0122337, entitled “CON-
TROL APPARATUS AND METHOD OF AUTONOMOUS
VEHICLE,” filed on Sep. 14, 2021, in the Korean Intellec-
tual Property Office, the entire disclosure of which is incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0003] The present disclosure relates to an apparatus and
a method for controlling an autonomous vehicle that are
capable of safely and easily performing a lane change
through a positional movement of the autonomous vehicle
according to a risk level based on a relative distance to an
adjacent vehicle.

2. Description of the Prior Art

[0004] Automobiles have been developed to provide driv-
ers with a comfortable and safe driving environment. In
addition, safety control systems for improving the safety and
convenience of drivers are being developed. Furthermore,
research on an intelligent driver assistance system for pro-
viding a comfortable and safe driving environment for
drivers is also being actively conducted, and is ultimately
extending to research on a control system for autonomous
driving or unmanned autonomous driving.

[0005] An autonomous vehicle is a vehicle that autono-
mously recognizes surroundings and drives without a driv-
er’s manipulation, and performs an operation of reducing the
speed or changing a travel lane to avoid traffic congestion or
a collision during driving when a preceding vehicle drives
much slower than surrounding traffic flow.

[0006] In a lane change, the autonomous vehicle may
change a lane on the basis of the distance from an adjacent
vehicle.

[0007] A related art (Patent Registration No. 10-1307109)
discloses a configuration for determining whether a lane
change of a vehicle is safe by comparing the distance to a
following vehicle with a set value, and changing a lane when
it is determined that the lane change of the vehicle is safe,
but does not specifically disclose a control method when it
is determined that the lane change is unsafe.
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[0008] Therefore, for smooth driving, there is a need for a
technique enabling an autonomous vehicle to perform a lane
change in a state in which a risk is removed by moving on
the basis of information about an adjacent vehicle (e.g., the
speed (relative speed) of the adjacent vehicle and the posi-
tion (relative distance) thereof) even when it is determined
that the autonomous vehicle has a risk.

RELATED DOCUMENT

[0009] Patent document: KR Patent Registration No.
10-1307109 (registered on Sep. 4, 2013)

SUMMARY OF THE INVENTION

[0010] An embodiment of the present disclosure is to
control an autonomous vehicle in three driving control mode
(e.g., an ACC mode, an LC mode, and a DC mode), thus
enabling the autonomous vehicle to properly perform all
types of driving including a lane change without a collision
with an adjacent vehicle. That is, the embodiment of the
present disclosure is to control the autonomous vehicle in
one of the ACC mode in which the autonomous vehicle
travels on the basis of the distance from a preceding vehicle
or a preset speed, the LC mode in which the autonomous
vehicle performs a lane change, and the DC mode in which
the autonomous vehicle moves to a lane change-possible
position on the basis of the risk level of a lane change,
thereby enabling the autonomous vehicle to optimally travel
in accordance with surrounding traffic flow.

[0011] According to an embodiment of the present disclo-
sure, when it is determined that there is a risk of a lane
change on the basis of information about an adjacent
vehicle, a lane change-possible position enabling the
autonomous vehicle to minimally move the movement while
satisfying a constraint condition set on the basis of the
information about the adjacent vehicle is determined, and
the autonomous vehicle is moved to the position, thereby
enabling the autonomous vehicle to safely and efficiently
perform a lane change.

[0012] According to an embodiment of the present disclo-
sure, a preceding vehicle or a side vehicle is set as a target
vehicle of an autonomous vehicle for autonomous driving,
and the target acceleration of the autonomous vehicle is
calculated on the basis of information about the target
vehicle (e.g., the speed (relative speed) of the target vehicle
and the position (relative distance) thereof), in which the
target acceleration of the autonomous vehicle is differently
calculated depending on three driving control mode (e.g., an
ACC mode, an L.C mode, and a DC mode), thereby enabling
the autonomous vehicle to optimally drive according to
driving situations.

[0013] An embodiment of the present disclosure may be
an apparatus and a method for controlling an autonomous
vehicle that control an autonomous vehicle in three driving
control mode (e.g., an ACC mode, an L.C mode, and a DC
mode), thus enabling the autonomous vehicle to properly
perform all types of driving including a lane change without
a collision with an adjacent vehicle.

[0014] An embodiment of the present disclosure may be
an apparatus for controlling an autonomous vehicle that
includes a processor and a memory configured to be opera-
tively connected to the processor and to store at least one
code performed in the processor, wherein the memory stores
a code that, when executed by the processor, causes the
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processor to control the autonomous vehicle to travel on the
basis of a distance from a preceding vehicle in a travel lane
in which the autonomous vehicle travels or a preset speed,
determine a risk level of a lane change on the basis of a
speed of the autonomous vehicle, a speed of a side vehicle
traveling in a target lane of a lane change, and a distance
between the autonomous vehicle and the side vehicle upon
occurrence of a lane change request, and perform longitu-
dinal or lateral control for the lane change on the basis of the
risk level.

[0015] An embodiment of the present disclosure may be
an apparatus for controlling an autonomous vehicle that
includes a processor and a memory configured to be opera-
tively connected to the processor and to store at least one
code performed in the processor, wherein the memory stores
a code that, when executed by the processor, causes the
processor to operate in any one of i) an adaptive cruise
control (ACC) mode of performing longitudinal or lateral
control of the autonomous vehicle on the basis of a distance
from a preceding vehicle in a travel lane in which the
autonomous vehicle travels or a preset speed, ii) a lane
change (LC) mode of determining a risk level of a lane
change on the basis of information about the autonomous
vehicle and information about a side vehicle traveling in a
target lane of a lane change upon occurrence of a lane
change request and performing longitudinal or lateral con-
trol for the lane change on the basis of the risk level, or iii)
a distant control (DC) mode of performing longitudinal
control of the autonomous vehicle so that the autonomous
vehicle moves to a lane change-possible position in the
travel lane on the basis of the risk level upon occurrence of
a lane change request.

[0016] An embodiment of the present disclosure may be a
method for controlling an autonomous vehicle that includes
controlling the autonomous vehicle to travel on the basis of
a distance from a preceding vehicle in a travel lane in which
the autonomous vehicle travels or a preset speed, determin-
ing a risk level of a lane change on the basis of a speed of
the autonomous vehicle, a speed of a side vehicle traveling
in a target lane of a lane change, and a distance between the
autonomous vehicle and the side vehicle upon occurrence of
a lane change request, and performing longitudinal or lateral
control for the lane change on the basis of the risk level.
[0017] According to an embodiment of the present disclo-
sure, it is possible to control an autonomous vehicle in three
driving control mode (e.g., an ACC mode, an L.C mode, and
a DC mode), thus enabling the autonomous vehicle to
properly perform all types of driving including a lane change
without a collision with an adjacent vehicle.

[0018] According to an embodiment of the present disclo-
sure, when it is determined that there is a risk of a lane
change on the basis of information about an adjacent
vehicle, it is possible to determine a lane change-possible
position enabling the autonomous vehicle to minimally
move the movement while satisfying a constraint condition
set on the basis of the information about the adjacent
vehicle, and to move the autonomous vehicle to the position,
thereby enabling the autonomous vehicle to safely and
efficiently perform a lane change.

[0019] According to an embodiment of the present disclo-
sure, it is possible to set a preceding vehicle or a side vehicle
as a target vehicle of an autonomous vehicle for autonomous
driving, and to calculate the target acceleration of the
autonomous vehicle on the basis of information about the
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target vehicle (e.g., the speed (relative speed) of the target
vehicle and the position (relative distance) thereof), in which
the target acceleration of the autonomous vehicle is differ-
ently calculated depending on three driving control mode
(e.g., an ACC mode, an L.C mode, and a DC mode), thereby
enabling the autonomous vehicle to optimally drive accord-
ing to driving situations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other aspects, features and advan-
tages of the present disclosure will be more apparent from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

[0021] FIG. 1 schematically illustrates the configuration of
an autonomous vehicle according to an embodiment of the
present disclosure;

[0022] FIG. 2 illustrates an example of a driving control
mode of an autonomous vehicle according to an embodi-
ment of the present disclosure;

[0023] FIG. 3 schematically illustrates the configuration of
a control apparatus of an autonomous vehicle according to
an embodiment of the present disclosure;

[0024] FIG. 4 illustrates a process for a control apparatus
of an autonomous vehicle to determine the risk level of a
lane change according to an embodiment of the present
disclosure and illustrates a safe area and an unsafe area
derived in the process of determining the risk level;
[0025] FIG. 5 illustrates an example of a positional move-
ment for a lane change when a control apparatus of an
autonomous vehicle cannot perform a lane change of the
autonomous vehicle according to an embodiment of the
present disclosure;

[0026] FIG. 6 illustrates longitudinal control by a control
apparatus of an autonomous vehicle according to an embodi-
ment of the present disclosure;

[0027] FIG. 7 illustrates longitudinal control when a con-
trol apparatus of an autonomous vehicle performs a lane
change according to an embodiment of the present disclo-
sure;

[0028] FIG. 8 illustrates lateral control by a control appa-
ratus of an autonomous vehicle according to an embodiment
of the present disclosure;

[0029] FIG. 9 to FIG. 12 illustrate driving examples of a
control apparatus of an autonomous vehicle under four
scenarios according to an embodiment of the present dis-
closure;

[0030] FIG. 13 to FIG. 15 illustrate a driving result
according to scenario 1 in FIG. 9;

[0031] FIG. 16 to FIG. 18 illustrate a driving result
according to scenario 2 in FIG. 10;

[0032] FIG. 19 to FIG. 21 illustrate a driving result
according to scenario 3 in FIG. 11;

[0033] FIG. 22 to FIG. 24 illustrate a driving result
according to scenario 4 in FIG. 12; and

[0034] FIG. 25 is a flowchart illustrating a method for
controlling an autonomous vehicle according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0035] Hereinafter, embodiments disclosed herein will be
described in detail with reference to the accompanying
drawings, in which like or similar elements are denoted by
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like reference numerals regardless of drawing numerals and
redundant descriptions thereof will be omitted. As used
herein, the terms “module” and “unit” for components are
given or interchangeably used only for ease in writing the
specification and do not themselves have distinct meanings
or functions. When detailed descriptions about related
known technology are determined to make the gist of
embodiments disclosed herein unclear in describing the
embodiments disclosed herein, the detailed descriptions will
be omitted herein. In addition, it should be understood that
the accompanying drawings are only for easy understanding
of the embodiments disclosed herein, and technical ideas
disclosed herein are not limited by the accompanying draw-
ings but include all modifications, equivalents, or substitutes
included in the spirit and technical scope of the disclosure.
[0036] While terms indicating ordinal numbers, such as
first and second, may be used to describe various compo-
nents, such components are not limited to the above terms.
The above terms are used only to distinguish one component
from another.

[0037] It should be understood that when an element is
referred to as being “connected” or “coupled” to another
element, the element may be directly connected or coupled
directly to the other element or any other element may be
interposed therebetween. In contrast, it should be understood
that when an element is referred to as being “directly
connected” or “directly coupled” to another element, there is
no element interposed therebetween.

[0038] A control apparatus of an autonomous vehicle
according to an embodiment of the present disclosure may
be configured as a part of a controller of the autonomous
vehicle or as a separate device, and the following embodi-
ments are described assuming that the control apparatus of
the autonomous vehicle is configured as a part of a controller
of the vehicle but does not exclude the control apparatus
being configured as a separate device.

[0039] The autonomous vehicle may refer to any vehicle
supporting autonomous driving, but refers to an ego vehicle
traveling, surrounded by adjacent vehicles (e.g., a preceding
vehicle, a following vehicle, a side-front vehicle, and a
side-rear vehicle) in the following embodiments.

[0040] FIG.1 schematically illustrates the configuration of
an autonomous vehicle according to an embodiment of the
present disclosure.

[0041] Referring to FIG. 1, the autonomous vehicle 100
may include a communication unit 101, a controller 102, a
user interface unit 103, an object detection unit 104, a
driving maneuvering unit 105, a vehicle driver 106, a
driving unit 107, a sensing unit 108, and a storage unit 109.
[0042] The communication unit 101 is a module config-
ured to perform communication with an external device.
Here, the external device may be a user terminal, a different
vehicle, or a server.

[0043] The communication unit 101 may perform, for
example, short-range communication, GPS signal reception,
V2X communication, optical communication, broadcast
transmission and reception, and intelligent transport system
(ITS) communication.

[0044] The controller 102 may control the communication
unit 101, the user interface unit 103, the object detection unit
104, the driving maneuvering unit 105, the vehicle driver
106, the driving unit 107, the sensing unit 108, and the
storage unit 109, thereby controlling overall operations of
the autonomous vehicle 100.
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[0045] The controller 102 may include a control apparatus
110 of the autonomous vehicle, or the control apparatus 110
of the autonomous vehicle according to embodiments of the
present disclosure may be configured separately from the
controller 102 to communicate with the controller 102.

[0046] The user interface unit 103 is configured for com-
munication between the autonomous vehicle 100 and a
vehicle user, and may receive an input signal from the user,
may transmit the received input signal to the controller 102,
and may provide information possessed by the autonomous
vehicle 100 to the user under control by the controller 102.
The user interface unit 103 may include an input module, an
internal camera, a biosensing module, and an output module
but is not limited thereto.

[0047] The object detection unit 104 is configured to
detect an object positioned outside the autonomous vehicle
100, may generate object information on the basis of sensing
data and may transmit the generated object information to
the controller 102. Here, the object may include various
objects related to driving of the autonomous vehicle 100, for
example, a lane, a different vehicle, a pedestrian, a two-
wheeled vehicle, a traffic light, light, a road, a structure, a
speed bump, a landmark, and an animal.

[0048] The driving maneuvering unit 105 may receive a
user input for driving. In a manual mode, the autonomous
vehicle 100 may run on the basis of a signal provided by the
driving maneuvering unit 105.

[0049] The vehicle driver 106 may electrically control
driving of various devices in the autonomous vehicle 100.
The vehicle driver 106 may electrically control driving of a
power train, a chassis, a door/window, a safety device, a
lamp, and an air-conditioning system in the autonomous
vehicle 100.

[0050] The driving unit 107 may control various types of
driving of the autonomous vehicle 100. The driving unit 107
may operate in an autonomous driving control mode.

[0051] The sensing unit 108 may sense the state of the
autonomous vehicle 100, that is, detect a signal relating to
the state of the autonomous vehicle 100, using a sensor
mounted in the autonomous vehicle 100 and may obtain
moving path information about the autonomous vehicle 100
according to the detected signal. The sensing unit 108 may
provide the obtained moving path information to the con-
troller 102.

[0052] The storage unit 109 is electrically connected to the
controller 102. The storage unit 109 may store basic data for
each unit of a vehicle accident prevention device, control
data for controlling the operation of each unit of the vehicle
accident prevention device, and input and output data. The
storage unit 109 may store various types of data for the
overall operation of the autonomous vehicle 100, such as a
program for processing or control of the controller 102,
particularly driver tendency information.

[0053] Inan embodiment, the control apparatus 110 of the
autonomous vehicle included in the controller 102 may
control the autonomous vehicle 100 to operate in any one of
an adaptive cruise control (ACC) mode, a lane change (LC)
mode, and a distant control (DC) mode.

[0054] Specifically, as illustrated in FIG. 2, the control
apparatus 110 of the autonomous vehicle may operate the
autonomous vehicle 100 in the ACC mode 201 of perform-
ing longitudinal control or lateral control of the autonomous
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vehicle on the basis of the distance from a preceding vehicle
in a travel lane in which the autonomous vehicle 100 travels
or a preset speed.

[0055] The control apparatus 110 of the autonomous
vehicle may determine the risk level of a lane change upon
occurrence of a lane change request from a driver or a
system (e.g., advanced driver assistance systems (ADAS) or
the controller 102), and may perform longitudinal or lateral
control to operate the autonomous vehicle 100 in the L.C
mode 202 of changing a lane when a lane change to a target
lane is possible on the basis of the risk level. Here, the
control apparatus 110 of the autonomous vehicle may deter-
mine the risk level of the lane change on the basis of
information about the autonomous vehicle (e.g., the speed of
the autonomous vehicle) and information about a side
vehicle (e.g., the speed of the side vehicle) traveling in the
target lane of the lane change. When the lane change to the
target lane is completed, the control apparatus 110 of the
autonomous vehicle may switch to the ACC mode 201.
[0056] When the lane change is impossible on the basis of
the risk level of the lane change, the control apparatus 110
of the autonomous vehicle may operate the autonomous
vehicle 100 in the DC mode 203 of performing longitudinal
control of the autonomous vehicle to move to a lane change-
possible position in the travel lane. When the risk of the lane
change is removed according to the positional movement of
the autonomous vehicle in the DC mode 203, the control
apparatus 110 of the autonomous vehicle may switch to the
LC mode 202 of performing longitudinal or lateral control
for the lane change.

[0057] FIG. 3 schematically illustrates the configuration of
a control apparatus of an autonomous vehicle according to
an embodiment of the present disclosure.

[0058] Referring to FIG. 3, the control apparatus 300 of
the autonomous vehicle may include a processor 301 and a
memory 302.

[0059] The processor 301 may set a driving control mode
of the autonomous vehicle to the ACC mode, thereby
controlling the autonomous vehicle to travel on the basis of
the distance from a preceding vehicle in a travel lane in
which the autonomous vehicle travels or a preset speed.
[0060] The processor 301 may determine the risk level of
a lane change upon occurrence of a lane change request and
may perform lateral or longitudinal control for the lane
change on the basis of the risk level. Here, the processor 301
may determine the risk level of the lane change on the basis
of the speed of the autonomous vehicle, the speed of a side
vehicle traveling in a target lane of the lane change, and the
distance between the autonomous vehicle and the side
vehicle. Here, the side vehicle may include a side-front
vehicle positioned in front of the autonomous vehicle (e.g.,
ego vehicle) in the target lane and a side-rear vehicle
positioned behind the autonomous vehicle in the target lane.
[0061] When determining that the risk level of the lane
change indicates there is no risk of the lane change, the
processor 301 may set a driving control mode of the autono-
mous vehicle to the LC mode to perform the lane change to
the target lane.

[0062] However, when determining that the risk level of
the lane change indicates that there is a risk of the lane
change, the processor 301 may set a driving control mode of
the autonomous vehicle to the DC mode, thereby performing
longitudinal control of the vehicle to move to a lane change-
possible position in a travel lane. Here, the processor 301
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may determine the lane change-possible position (optimal
position) so that the autonomous vehicle minimally moves
in the travel lane according to conditions related to the
distance between the autonomous vehicle and the side-front
vehicle and the distance between the autonomous vehicle
and the side-rear vehicle as constraint conditions.

[0063] In an embodiment, when a preceding vehicle is
detected within the travel lane, the processor 301 may
determine a position satisfying the constraint conditions in a
rear range of the detected preceding vehicle as the lane
change-possible position. That is, in the DC mode, the
processor 301 may perform longitudinal or lateral control to
move the autonomous vehicle to the lane change-possible
position in the travel lane considering all of the preceding
vehicle, the side-front vehicle, and the side-rear vehicle at
the same time.

[0064] In an example of determining the risk level of the
lane change, the processor 301 may determine a safety
distance based on a side vehicle and may determine the risk
level on the basis of the result of comparing the safety
distance with the actual distance between the autonomous
vehicle and the side vehicle. Here, the side vehicle may
include the side-front vehicle and the side-rear vehicle
running in the target lane of the lane change.

[0065] Specifically, the processor 301 may determine a
first safety distance based on the side-front vehicle in
proportion to the speed of the autonomous vehicle, may
determine a second safety distance based on the side-rear
vehicle in proportion to the speed of the side-rear vehicle,
and may then determine the risk level of the lane change on
the basis of the first safety distance and the second safety
distance. Here, the processor 301 may determine the first
safety distance further on the basis of the difference between
the speed (v,) of the autonomous vehicle and the speed (v;,)
of the side-front vehicle and may determine the second
safety distance further on the basis of the difference between
the speed (vg,) of the side-rear vehicle and the speed (v;) of
the autonomous vehicle. That is, the processor 301 may
determine the first safety distance on the basis of the speed
(v,) of the autonomous vehicle and a first result value of the
speed (v,) of the autonomous vehicle minus the speed (v,
of the side-front vehicle and may determine the second
safety distance on the basis of the speed (vg,) of the side-rear
vehicle and a second result value of the speed (vg,) of the
side-rear vehicle minus the speed (v,) of the autonomous
vehicle.

[0066] In addition, the processor 301 may assign a first
weight to each of the speed of the autonomous vehicle and
the speed of the side-rear vehicle, may assign a second
weight to each of the first result value and the second result
value, and may determine the first safety distance and the
second safety distance further on the basis of the two
weights. Here, the first weight and the second weight may be
preset on the basis of a change in the speed of the side-rear
vehicle due to the lane change of the autonomous vehicle
and a change in the speed of the autonomous vehicle due to
deceleration of the side-front vehicle during the lane change
of the autonomous vehicle. A method for determining the
first and second safety distances will be described in detail
below with reference to FIG. 4 for convenience of descrip-
tion.

[0067] In an embodiment, when it is identified that the
actual distance between the autonomous vehicle and the
side-front vehicle exceeds the first safety distance and the
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actual distance between the autonomous vehicle and the
side-rear vehicle exceeds the second safety distance, the
processor 301 may determine that the risk level indicates
there is no risk of the lane change. However, when it is
identified that the actual distance between the autonomous
vehicle and the side-front vehicle does not exceed the first
safety distance or the actual distance between the autono-
mous vehicle and the side-rear vehicle does not exceed the
second safety distance, the processor 301 may determine
that the risk level indicates there is a risk of the lane change.
[0068] In an embodiment, the processor 301 may set an
adjacent vehicle (e.g., a preceding vehicle or a side vehicle)
as a target vehicle and may control the autonomous vehicle
on the basis of the target vehicle.

[0069] The processor 301 may set the preceding vehicle or
the side vehicle as the target vehicle, may calculate the target
acceleration of the autonomous vehicle on the basis of a
required control distance (C,), which is a distance that the
autonomous vehicle needs to move on the basis of the target
vehicle, the distance (c,,,,.,) between the target vehicle and
the autonomous vehicle, the speed (v,,,,.,) of the target
vehicle, and the speed (v;) of the autonomous vehicle, and
may control the longitudinal speed of the autonomous
vehicle on the basis of the target acceleration. Here, the
processor 301 may calculate the target acceleration of the
autonomous vehicle on the basis of a first distance between
the required control distance (C;) and the distance (c,,,.,)
between the target vehicle and the autonomous vehicle and
a second distance between the speed (u,,,,.,) of the target
vehicle and the speed (v,) of the autonomous vehicle. Here,
the distance (c,,,,,.,) between the target vehicle and the
autonomous vehicle and the required control distance (C,)
may be differently set depending on a driving control mode
of the autonomous vehicle. As a result, the processor 301
may calculate the target acceleration of the autonomous
vehicle differently for each driving control mode of the
autonomous vehicle, thereby enabling the autonomous
vehicle to perform optimal driving according to driving
situations.

[0070] In the LC mode in which the autonomous vehicle
performs a lane change to the target lane, the processor 301
may set a virtual vehicle reflecting the risk levels of the
preceding vehicle and the side vehicle on the basis of the
degree of approach to the target lane and may set the virtual
vehicle as a target vehicle. For example, the virtual vehicle
at the time of starting the lane change may reflect the risk
level of the preceding vehicle more, but as the lane change
is completed (as the degree of approach to the target lane
increases), the virtual vehicle may reflect the risk level of the
side vehicle. That is, as the degree of approach to the target
lane changes during the lane change, the character (the risk
reflection ratio between the preceding vehicle and the side
vehicle) of the virtual vehicle may also change. Here, the
degree of approach to the target lane may refer to the degree
of arrival (degree of entrance) of the autonomous vehicle to
the target lane when the autonomous vehicle moves from the
travel lane in which the autonomous vehicle travels to the
target lane of the lane change.

[0071] In the lane change, the processor 301 may set the
virtual vehicle reflecting the risk levels of the preceding
vehicle and the side vehicle as the target vehicle to perform
delicate driving, thereby smoothly performing the lane
change of the autonomous vehicle without a collision with
an adjacent vehicle.
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[0072] The memory 302 may be operatively connected to
the processor 301 and may store at least one code in
association with an operation performed by the processor
301.

[0073] In addition, the memory 302 may function to
temporarily or permanently store data processed by the
processor 301. Here, the memory 302 may include magnetic
storage media or flash storage media, but the scope of the
present disclosure is not limited thereto. The memory 302
may include an internal memory and/or an external memory,
and may include a volatile memory, such as a DRAM, a
SRAM, or a SDRAM, a nonvolatile memory, such as a
one-time programmable ROM (OTPROM), a PROM, an
EPROM, an EEPROM, a mask ROM, a flash ROM, an
NAND flash memory, or an NOR flash memory, a flash
drive, such as an SSD, a compact flash (CF) card, an SD
card, a micro-SD card, a mini-SD card, an Xd card, or a
memory stick, or a storage device, such as an HDD.

[0074] FIG. 4 illustrates a process for a control apparatus
of an autonomous vehicle to determine the risk level of a
lane change according to an embodiment of the present
disclosure and illustrates a safe area and an unsafe area
derived in the process of determining the risk level.

[0075] Referring to FIG. 4, when a lane change request is
received, the control apparatus of the autonomous vehicle
411 positioned in a travel lane (current lane) 401 may
determine safety distances 421 and 422 on the basis of side
vehicles 412 and 413 positioned in a target lane (side lane)
402 of a lane change and may determine a risk level on the
basis of the result of comparing the actual distances between
the autonomous vehicle 411 and the side vehicles 412 and
413 with the safety distances 421 and 422.

[0076] Here, the control apparatus of the autonomous
vehicle 411 positioned in the travel lane 401 may determine
a first safety distance (C,,z,,,) 421 based on a side-front
vehicle 412 disposed in front of the autonomous vehicle 411
in the target lane 402 and a second safety distance (C,,z,,,)
422 based on a side-rear vehicle 413 disposed behind the
autonomous vehicle 411 in the target lane 402 according to
Equation 1. Here, the first and second safety distances 421
and 422 may be determined on the basis of the center of the
side-front vehicle 412 and the center of the side-rear vehicle
413, respectively, but are not limited thereto. For example,
the first safety distance 421 may be determined on the basis
of a rear side of the side-front vehicle 412, and the second
safety distance 422 may be determined on the basis of a front
side of the side-rear vehicle 413.

Coafoty,sfTabsVetTret(Vo=Vss) [Equation 1]
[0077] Here, v, is the speed of the autonomous vehicle
411, vg; is the speed of the side-front vehicle 412, and v, is
the speed of the side-rear vehicle 413.

[0078] In Equation 1, (1a) for determining the first safety
distance may include a first term reflecting the absolute
speed of the autonomous vehicle 411 and a second term
reflecting a relative speed between the autonomous vehicle
411 and the side-front vehicle 412. Here, the first term
increases as the speed of the autonomous vehicle 411
increases. The second tem is obtained as 0 when the relative
speed between the autonomous vehicle 411 and the side-
front vehicle 412 is 0, increases when the space between the
autonomous vehicle 411 and the side-front vehicle 412
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decreases, and decreases when the space between the
autonomous vehicle 411 and the side-front vehicle 412
increases.

[0079] (1b) of Equation 1 for determining the second
safety distance is different from (la) of Equation 1 for
determining the first safety distance only in that a preceding
vehicle is the autonomous vehicle 411 and a following
vehicle is the side-rear vehicle 413 and employs the same
safety distance calculation method as in (1a) of Equation 1
for determining the first safety distance

[0080] In (1a) of Equation 1 for determining the first
safety distance, an absolute tau (t,,,) and a relative tau (t,,,)
are weights as a concept of time gap, by which a safety
distance term (first term) reflecting the absolute speed and a
safety distance term (second term) reflecting the relative
speed that are multiplied, respectively, and are tuning
parameters for seeking a compromise between conflicting
aspects, which are aggressiveness and safety, in the lane
change.

[0081] The absolute tau (t,,,) is a first weight and is a
parameter that enables an improvement in safety as the lane
change is performed in a relatively long inter-vehicle dis-
tance due to an increase in the safety distance reflecting the
absolute speed with the parameter having a greater value,
and enables an improvement in aggressiveness as the lane
change is performed in a relatively short inter-vehicle dis-
tance due to a decrease in the safety distance with the
parameter having a smaller value.

[0082] The relative tau (t,,,) is a second weight, and as the
relative tau increases, the increase rate or decrease rate of the
safety distance term reflecting the relative speed is maxi-
mized. That is, in an illustrative case where the side vehicle
approaches the autonomous vehicle with a speed difference,
as the relative tau (t,,,) increases, the autonomous vehicle
411 performs the lane change more defensively (with
safety), and as the relative tau (t,,,) decreases, the autono-
mous vehicle 411 performs the lane change more aggres-
sively (actively).

[0083] The absolute tau (t,,,) and the relative tau (t,,,)
may be set in comprehensive consideration of a risk that may
be caused by sudden braking of the side-front vehicle during
a lane change and a risk that may occur in the side-rear
vehicle due to a forcible lane change of the autonomous
vehicle.

[0084] When the safety distances 421 and 422 based on
the side vehicles 412 and 413 are determined, the control
apparatus of the autonomous vehicle 411 may determine the
risk level of the lane change on the basis of the result of
comparing the actual distances between the autonomous
vehicle 411 and the side vehicles 412 and 413 with the safety
distances 421 and 422. The risk level of the lane change may
be represented by Equation 2.

@ [Equation 2]

(@ indicates text missing or illegible when filed

[0085] Here, i, - may denote a determination index of the
risk level of the lane change.

[0086] Thatis, when it is identified that the actual distance
(d) between the autonomous vehicle 411 and the side-front
vehicle 412 exceeds (or is greater than) the first safety
distance 421 and the actual distance (d,) between the
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autonomous vehicle 411 and the side-rear vehicle 413
exceeds (or is greater than) the second safety distance 2
(when the autonomous vehicle is positioned in a safe area in
which a lane change is possible), the control apparatus of the
autonomous driving vehicle 411 may determine that the risk
level indicates that there is no risk of a lane change and may
control the autonomous vehicle 411 to perform a lane
change.

[0087] When it is identified that the actual distance
between the autonomous vehicle 411 and the side-front
vehicle 412 does not exceeds the first safety distance 421 or
the actual distance between the autonomous vehicle 411 and
the side-rear vehicle 413 does not exceed the second safety
distance 422 (when the autonomous vehicle is positioned in
an unsafe area), the control apparatus of the autonomous
vehicle 411 may determine that the risk level indicates that
there is a risk of a lane change and may restrain a lane
change of the autonomous vehicle 411. The control appa-
ratus of the autonomous vehicle 411 may move the autono-
mous vehicle 411 to a lane change-possible position and
may then perform a lane change.

[0088] FIG. 5 illustrates an example of a positional move-
ment for a lane change when a control apparatus of an
autonomous vehicle cannot perform a lane change of the
autonomous vehicle according to an embodiment of the
present disclosure.

[0089] Referring to FIG. 5, as a result of determining the
risk level of a lane change as a lane change request is
received, when it is determined that the risk level indicates
that there is a risk of a lane change and thus a lane change
is impossible, the control apparatus of the autonomous
vehicle 411 may move the autonomous vehicle 411 to a lane
change-possible position within a travel lane.

[0090] The control apparatus of the autonomous vehicle
may determine the lane change-possible position (X, y) 501
according to Equation 3.

Minimize f(x,y)=x>+y> [Equation 3]

subject to:

81 :dsFCsafety,SJZO

20

8 2:dsr_Csafety,sr—

g3=d,—,20
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[0091] That is, the control apparatus of the autonomous
driving vehicle 411 may determine the lane change-possible
position so that the autonomous vehicle 411 minimally
moves in the travel lane according to conditions (3b), (3c),
(3d), and (3e) of Equation 3 as constraint conditions. Here,
when a preceding vehicle is detected in the travel lane, the
control apparatus of the autonomous vehicle may determine
a position satisfying the constraint conditions other than (3d)
in a rear range ((3d) of Equation 3) of the detected preceding
vehicle as the lane change-possible position.

[0092] (3b) and (3c) in Equation 3 are constraint condi-
tions of inequations for finding an optimal point inside a lane
change-possible area and are as described in Equation 2.
[0093] (3d) in Equation 3 is a constraint condition of an
inequation for preventing the optimal point of the autono-
mous vehicle from being positioned in front of the preceding
vehicle. Here, d,, is the distance from (x, y) to the preceding
vehicle, and ¢,y 1s the distance from the autonomous vehicle
to the preceding vehicle. (3d) in Equation 3 is a cubic
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polynomial representing the path of the autonomous vehicle
currently driving and is a constraint condition for the opti-
mal point to be positioned in the current travel lane of the
autonomous vehicle. When a current driving road is a
straight line, all coefficients of (3e) in Equation 3 are 0, and
y may be excluded from an objective function of (3a) in
Equation 3. When the current driving road is curved, y may
be included in the objective function of (3a).

[0094] The control apparatus of the autonomous vehicle
may define a Lagrange function (L) as in Equation 4 through
the objective function (3a) and the constraint conditions (3b,
3c, 3d, and 3e) of Equation 3.

® [Equation 4]

(?) indicates text missing or illegible when filed

[0095] Here, A; may denote a Lagrange multiplier, and s;
may denote a slack variable with respect to the constraint
conditions of the inequations. The control apparatus of the
autonomous vehicle performs partial differentiation of the
Lagrange function of Equation 4 with respect to an optimi-
zation variable, the Lagrange multiplier, and the slack vari-
able to obtain the solution of the equation of Equation 5,
thereby deriving the optimal point inside the lane change-
possible area.

® [Equation 5]

(@ indicates text missing or illegible when filed

[0096] Here, the optimal point is positioned inside a safe
area and is a position in which a safety distance is secured
for the preceding vehicle and a side vehicle. In addition, the
optimal point is a position in which a lane change can be
safely performed with a minimal movement while satisfying
the aforementioned constraint conditions of the autonomous
vehicle.

[0097] FIG. 6 illustrates longitudinal control by a control
apparatus of an autonomous vehicle according to an embodi-
ment of the present disclosure.

[0098] Referring to FIG. 6, the control apparatus of the
autonomous vehicle 601 may set one of adjacent vehicles as
a target vehicle in all modes except for a constant speed
control mode of the ACC mode among the three modes
(ACC mode, L.C mode, and DC mode) and may control the
autonomous vehicle 601. The control apparatus of the
autonomous vehicle 601 may control the autonomous
vehicle 601 according to a longitudinal control algorithm
based on optimal control of a linear quadratic regulator
(LQR). Here, the target vehicle may be a preceding vehicle
602 in the same lane as the autonomous vehicle 601 or a side
vehicle 603 in a lane (target lane) to which the autonomous
vehicle 601 is to move according to a driving control mode.

[0099] A state equation illustrating a relationship between
the autonomous vehicle 601 and the target vehicle may be
represented by Equation 6.
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X =Ax +Bu [Equation 6]
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[0100] where

[0101] Here, u is the acceleration of the autonomous
vehicle, c, is a required control distance for the target
vehicle, and c,,,, 1s a relative distance to the target vehicle.
Further, v, is the speed of the target vehicle, and v, is the
speed of the autonomous vehicle.

[0102] A state variable ¥ in Equation 6 includes two
variables. A first state variable may refer to an error with
respect to a target distance value, and a second state variable
may refer to an error with respect to a target speed value.
[0103] In an embodiment, the control apparatus of the
autonomous vehicle 601 may define a cost function as in
Equation 7 to calculate the target acceleration of the autono-
mous vehicle 601.

J=lo= 0T Oy+u" Rupdt

[0104] where Q=[c, 0]

[0105] Here, Q and R are design factors and may include
a weight for an error in the target distance value of the
autonomous vehicle 601, a weight for an error in the target
speed value of the autonomous vehicle 601, and a weight for
a change in the acceleration of the autonomous vehicle 601.
Here, each weight may be set through a plurality of tuning
processes based on safety of the autonomous vehicle 601
and the adjacent vehicles (e.g., the preceding vehicle, a
side-front vehicle, and a side-rear vehicle).

[0106] The control apparatus of the autonomous vehicle
601 may derive an optimal gain that minimizes the cost
function of Equation 7, for example, from a matrix-type
Riccati equation, and may calculate the target longitudinal
acceleration of the autonomous vehicle through feedback on
the state variable of Equation 8.

[Equation 7]

® [Equation 8]

(® indicates text missing or illegible when filed

[0107] Although a term for limiting the level of accelera-
tion of the autonomous vehicle 601 is included in the cost
function of Equation 7, the target acceleration calculated
through the feedback on the state variable in (8a) of Equa-
tion 8 may still have a large value, and thus (8b) of Equation
8 may be an equation for limiting the target acceleration to
an appropriate value within a maximum value.

[0108] In addition, (8b) of Equation 8 is for preventing a
movement that disrupts a driver’s ride quality, such as
sudden acceleration and sudden deceleration.

[0109] When the target acceleration of the autonomous
vehicle 601 is calculated, the control apparatus of the
autonomous vehicle 601 may control a longitudinal move-
ment of the autonomous vehicle 601 by applying the target
acceleration as an input value of an acceleration/deceleration
actuator.

[0110] In an embodiment, the control apparatus of the
autonomous vehicle may set different values included in the
state variable to perform optimal longitudinal control
according to characteristics for each of the three driving
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control modes, that is, the ACC mode (constant distance
control mode), the L.C mode, and the DC mode.
[0111] When the preceding vehicle is set as the target
vehicle in the ACC mode (constant distance control mode),
the control apparatus of the autonomous vehicle may set a
component of the state variable as in Equation 9.

® [Equation 9]

(@ indicates text missing or illegible when filed

[0112] Here, the required control distance may include a
safety braking distance (c,), a time gap (t), and the speed
(v,) of the preceding vehicle. c, is a relative distance to the
preceding vehicle.

[0113] In addition, when a vehicle that does not assure a
safety distance among vehicles in a lane to move to is set as
the target vehicle in the DC mode, the control apparatus of
the autonomous vehicle may set a component of the state
variable as in Equation 10.

@ [Equation 10]

(@ indicates text missing or illegible when filed

[0114] Here, since it is necessary to secure a safety dis-
tance for the vehicle in the lane to move to, the required
control distance may be represented by the distance between
the position (X, Y4 Of the target vehicle in the lane to
move to and an optimal point (X,,,, ¥,,,) for a lane change
derived through Equation 3 to Equation 5.

[0115] c,,. and v, denote a relative distance to the
vehicle in the lane to move to and the speed of the vehicle,
respectively.

[0116] In addition, as shown in FIG. 7, when a lane change
is performed in the LC mode, the control apparatus of the
autonomous vehicle may derive one virtual vehicle 701
reflecting a risk level with respect to the preceding vehicle
and the vehicle in the lane to move to (two vehicles), and
may set a component of the state variable as in Equation 11
when the virtual vehicle is set as the target vehicle. Here, the
control apparatus of the autonomous vehicle may derive the
one virtual vehicle reflecting the risk level with respect to the
two vehicles considering that the autonomous vehicle needs
to perform a lane change while maintaining a safety distance
to the preceding vehicle and the vehicle in the lane to move
to.

X = [(ca — Crarger), Wrarger — ve)]” [Equation 11]

with { cq = Blco + TVsige) + (1 = B)
Crarget = B Csige + (1 = B)Cp

[0117] Here, the control apparatus of the autonomous
vehicle may use a lateral approach weight B that reflects the
degree of lateral approach to the lane to move to in order to
derive the one virtual vehicle in consideration of the risk
level with respect to the two vehicles. That is, as shown in
Equation 11, the control apparatus of the autonomous
vehicle may set the component of the state variable on the
basis of the lateral approach weight B with respect to each
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of the preceding vehicle and the vehicle on the lane to move
to such that the virtual vehicle reflects the side vehicle as the
autonomous vehicle reaches the target lane.

[0118] The control apparatus of the autonomous vehicle
may assign the lateral approach weight B, thereby changing
ratios in which the virtual vehicle reflects the preceding
vehicle and the vehicle in the lane to move to in the required
control distance, the relative distance, and the absolute speed
according to the degree to which the autonomous vehicle
enters the lane to move to. That is, during the lane change,
the control apparatus of the autonomous vehicle may enable
the autonomous vehicle to perform distance control initially
with higher weight given to the preceding vehicle in the
beginning and may enable the autonomous vehicle to per-
form distance control latterly with higher weight given to the
vehicle in the lane to move to. Accordingly, the autonomous
vehicle may change a lane while maintaining an appropriate
safety distance to the two vehicles during the lane change,
and may smoothly switch to the ACC mode after completing
the lane change.

[0119] FIG. 8 illustrates lateral control by a control appa-
ratus of an autonomous vehicle according to an embodiment
of the present disclosure.

[0120] The control apparatus of the autonomous vehicle
may perform not only longitudinal control but also lateral
control. That is, the control apparatus of the autonomous
vehicle may perform lateral control in all three modes (the
ACC mode, the LC mode, and the DC mode). The control
apparatus of the autonomous vehicle may perform lateral
control within a travel lane to maintain the current lane in the
ACC mode and the DC mode, and may perform lateral
control for a lane change in the LC mode.

[0121] When performing the lateral control for maintain-
ing the lane in the ACC mode and the DC mode, the control
apparatus of the autonomous vehicle may generate a center
line of the ego lane or a line in the middle of the distance to
vehicles traveling in a side lane as a target path. Here, the
center line of the ego lane may be generated, for example,
using an image sensor or a general method based on a
high-definition (HD) map.

[0122] In an embodiment, the control apparatus of the
autonomous vehicle may generate a path for a lane change,
for example, using a cubic spline curve in the LC mode.
Here, the path may be represented by a cubic polynomial of
Equation 12.

S()=b by +b x+bg [Equation 12]

[0123] Considering characteristics of a lane change path,
four conditions for determining a coefficient value of the
cubic polynomial of Equation 12 are illustrated in Equation
13.

S(xo)=yo
Sp=yp(x=dgt0,1)

S'(x0)=0 [Equation 13]

[0124] (%q, Vo) is the current position of the autonomous
vehicle, and (x,, y,) is a point in a lane to move to. According
to the characteristics of the lane change path that need to be
considered for the vehicle to safely change a lane, for
example, an abrupt steering input needs to be avoided in
high-speed driving, and path tracking for lane maintenance
after accurate approach to the lane to move to needs to
performed without any problem. To this end, the speed of the
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autonomous vehicle may be reflected as a factor determining
the point (x,, y,) in the lane to move to.

[0125] After generating a path for lane maintenance or
lane change in the three modes, the control apparatus of the
autonomous vehicle may perform lateral control to track the
path. The control apparatus of the autonomous vehicle may
track the path, for example, on the basis of a pure pursuit
path tracking method. Specifically, as shown in FIG. 8, the
control apparatus of the autonomous vehicle may set a point
on the path as a look ahead point 801 to track the target path
and may generate a required steering angle of the autono-
mous vehicle to pass the look ahead point. The look ahead
point is an important parameter that determines path track-
ing performance and steering stability of the vehicle and
may be set on the basis of the speed of the autonomous
vehicle as shown in Equation 14.

L=xv,

[0126] Here, L, is a distance to the look ahead point on the
target path considering the speed (v,) of the autonomous
vehicle, and K is a parameter for generating a stable required
steering angle of the autonomous vehicle by setting an
appropriate look ahead point for each of two cases including
lane maintenance and lane change.

[0127] Here, a final required steering angle (8,.) for
tracking the target path may be represented by Equation 15.

[Equation 14]

® [Equation 15]
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[0128] Here, 1is the wheelbase of the vehicle, 0,,, is the
yaw angle of a look ahead point based on an autonomous
vehicle coordinate system, and R is a turning radius.
[0129] When the required steering angle of the autono-
mous vehicle is calculated through the pure pursuit algo-
rithm, the control apparatus of the autonomous vehicle may
apply the required steering angle of the autonomous vehicle
as an input value of a steering actuator, thereby controlling
a lateral movement of the vehicle.

[0130] Hereinafter, various driving examples of a control
apparatus of an autonomous vehicle will be described with
reference to FIG. 9 to FIG. 12. FIG. 9 to FIG. 12 illustrate
driving examples of a control apparatus of an autonomous
vehicle under four scenarios according to an embodiment of
the present disclosure.

[0131] In FIG. 9 to FIG. 11, the autonomous vehicle 901
may follow a preceding vehicle 902, for example, at 60
km/h. Accordingly, since the autonomous vehicle 901 and
the preceding vehicle 902 are traveling at the same speed,
the distance between the autonomous vehicle 901 and the
preceding vehicle 902 may be maintained at an initially set
distance until a lane change. In FIG. 12, a side-rear vehicle
904 may approach at a high speed of 100 km/h and may then
rapidly decelerate to follow a side-front vehicle, and the
autonomous vehicle 901 may receive a lane change request
when the side-rear vehicle 904 reaches a distance of 25 m
behind the autonomous vehicle 901.

[0132] Further, in FIG. 9 to FIG. 11, a time gap having a
value in a set range (e.g., 1.5 seconds to 2.2 seconds) may
be used as an index indicating a minimum distance secured
for safety in time when the autonomous vehicle 901 follows
the preceding vehicle 902 with a certain distance main-
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tained. In FIG. 9 to FIG. 11, the autonomous vehicle 901
may follow the preceding vehicle 902 with a time gap of 1.5
seconds, which is the smallest value in the set range values,
until receiving the lane change request. Here, adjacent
vehicles (the preceding vehicle, a side-front vehicle, and the
side-rear vehicle) may operate in the ACC mode. A set speed
in an ACC constant speed control mode may be set to a
predetermined value, and a set time gap in an ACC constant
distance control mode may be set on the basis of the result
of analyzing manual driving characteristics of a driver
according to age and gender.

[0133] In all of the four scenarios, for example, it may be
assumed that the lane change is received by a driver oper-
ating a turn signal lamp or determination by an autonomous
driving logic at 10 seconds. A driving control mode of the
autonomous vehicle 901 is divided into the ACC mode, the
LC mode, and the DC mode. The ACC mode indicates a
state in which the autonomous vehicle 901 follows the
preceding vehicle 902 at a constant distance until the lane
change request, and the LC mode indicates a transition state
in which the autonomous vehicle 901 changes a lane. The
DC mode indicates a state in which the autonomous vehicle
901 is moving to an optimal point because the autonomous
vehicle 901 cannot immediately change a lane.

[0134] FIG. 13 to FIG. 15 illustrate a driving result
according to scenario 1 in FIG. 9.

[0135] FIG. 13 illustrates driving situations at 5 seconds,
12 seconds, and 20 seconds, respectively. A lane change
request is received at 10 seconds or about 190 m while the
autonomous vehicle is following the preceding vehicle with
a time gap of 1.5 seconds. The side-front vehicle and the
side-rear vehicle are running at the same speed of 60 km/h
until 10 seconds. The side-rear vehicle is running at a
distance of 40 m from the side-front vehicle until 10
seconds, and this distance corresponds to an interval greater
than a previously set time gap of 1.8 seconds of the
side-front vehicle, thus considering that the ACC constant
distance control mode of the side-rear vehicle does not
operate.

[0136] FIG. 14 and FIG. 15 illustrate relative distances
and relative speeds of the preceding vehicle and the side
vehicles viewed from the autonomous vehicle. At the time of
the lane change request, the relative distances of the side-
front vehicle and the side-rear vehicle are 20 m and —20 m,
respectively. These distances satisty a side-front safety dis-
tance and a side-rear safety distance, which are 20 m,
obtained according to Equation 1 based on the speed of the
autonomous vehicle and the speeds of the side vehicles, and
accordingly the autonomous vehicle may immediately per-
form a lane change without any additional movement for
securing a safety distance.

[0137] FIG. 15 shows that the autonomous vehicle decel-
erates with respect to the side-front vehicle to make a speed
difference of up to 5 km/h in a lane change (L.C) area, which
may be considered as a strategy for following the side-front
vehicle as a new preceding vehicle at a time gap of 1.5
seconds after the lane change.

[0138] Referring to FIG. 15, the autonomous vehicle
decelerates from 10 seconds when receiving the lane change
request, while the side-rear vehicle decelerates from about
12.5 seconds. This is because even though the autonomous
vehicle starts the lane change, it takes a certain time for the
side-rear vehicle to recognize the autonomous vehicle as a
vehicle entering the ego lane. Subsequently, the side-rear
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vehicle decelerates to make a speed difference of up to 6
km/h from the speed of the autonomous vehicle, which is for
the side-rear vehicle to follow the autonomous vehicle as a
new preceding vehicle at a time gap of 1.8 seconds after the
lane change of the autonomous vehicle.

[0139] FIG. 13 to FIG. 15 show that the autonomous
vehicle performs the lane change within a range that the
autonomous vehicle does not cause a threat to the side-rear
vehicle.

[0140] Referring to FIG. 14, after the lane change, the
autonomous vehicle performs longitudinal control to main-
tain a time gap of 1.5 seconds, that is, a distance of 25 m
based on a vehicle speed of 60 km/h, with respect to the
side-front vehicle, and the side-rear vehicle performs lon-
gitudinal control to maintain a time gap of 1.8 seconds, that
is, a distance of 30 m based on a vehicle speed of 60 km/h,
with respect to the autonomous vehicle. The preceding
vehicle and the side-front side are not affected at all by the
lane change and speed change of the autonomous vehicle
and the speed change of the side-rear vehicle and continue
to travel at the set speed of 60 km/h.

[0141] FIG. 16 to FIG. 18 illustrate a driving result
according to scenario 2 in FIG. 10.

[0142] FIG. 16 illustrates driving situations at 5 seconds,
12 seconds, 18 seconds, and 25 seconds, respectively.
Although a lane change is requested at 10 seconds while the
autonomous vehicle is following the preceding vehicle with
a time gap of 1.5 seconds, the autonomous vehicle does not
secure a safety distance to vehicles in a lane to move to and
thus performs distance control (DC) and then a lane change.
The side-rear vehicle is running at a distance of 50 m from
the side-front vehicle until 10 seconds, and this distance
corresponds to an interval greater than a time gap of 1.8
seconds of the side-rear vehicle, thus considering that the
ACC constant distance control mode of the side-rear vehicle
does not operate. The lane change may be performed when
safety distances to both the side-front vehicle and the
side-rear vehicle from the autonomous vehicle are secured.
However, referring to FIG. 17, at 10 seconds, the safety
distance to the side-rear vehicle is secured but the safety
distance to the side-front vehicle is not secured. Accord-
ingly, the autonomous vehicle performs distance control
(DC) for about 3.5 seconds to secure the safety distance to
the side-front vehicle and then performs a lane change (L.C)
for about 6.5 seconds.

[0143] InFIG. 18, the autonomous vehicle may decelerate
to make a speed difference of up to 6 km/h with respect to
the side-front vehicle in a distance control (DC) area. As in
FIG. 17, due to the speed change of the autonomous vehicle,
the side-front safety distance decreases, and the side-rear
safety distance increases (in level). At 13.5 seconds after the
3.5-second distance control (DC), the autonomous vehicle
secures both the side-front safety distance and the side-rear
safety distance and accordingly starts the lane change (LC).
The lane change is performed for about 6.5 seconds, in
which the autonomous vehicle additionally decelerates to
make a speed difference of up to 7 km/h with respect to the
side-front vehicle for 2 seconds after starting the lane
change, and then accelerates for 4.5 seconds to prepare for
time gap control after the lane change.

[0144] Referring to FIG. 17, after the lane change, the
autonomous vehicle performs longitudinal control to main-
tain a time gap of 1.5 seconds with respect to the side-front
vehicle, and the side-rear vehicle performs longitudinal
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control to maintain a time gap of 1.8 seconds with respect to
the autonomous vehicle. The preceding vehicle and the
side-front side are not affected at all by the lane change and
speed change of the autonomous vehicle and the speed
change of the side-rear vehicle and may continue to travel at
the set speed of 60 km/h.

[0145] Referring to graphs of FIG. 16 to FIG. 18, the
autonomous vehicle does not cause a risk to adjacent
vehicles and properly performs a lane change in the driving
situations of scenario 2.

[0146] In scenario 2, unlike scenario 1, since the safety
distance to the side-front vehicle is not satisfied, the autono-
mous vehicle does not immediately enter the LC mode, but
enters the DC mode and then transitions to the LC mode
when determining that the safety distance is sufficiently
secured.

[0147] FIG. 19 to FIG. 21 illustrate a driving result
according to scenario 3 in FIG. 11.

[0148] FIG. 19 illustrates driving situations at 5 seconds,
14 seconds, 23 seconds, and 32 seconds, respectively.
Although a lane change is requested at 10 seconds while the
autonomous vehicle is following the preceding vehicle with
a time gap of 1.5 seconds, the autonomous vehicle does not
secure a safety distance to vehicles in a lane to move to and
thus performs distance control (DC) and then a lane change
(LC). The side-rear vehicle is following the side-front
vehicle at a previously set time gap of 1.5 seconds until 10
seconds.

[0149] Referring to FIG. 20, at 10 seconds, safety dis-
tances for a lane change to both the side-front vehicle and
the side-rear vehicle are not secured. Accordingly, the
autonomous vehicle performs distance control (DC) for
about 11 seconds to secure a safety distance to the side-front
vehicle and then performs a lane change (L.C) for about 7
seconds.

[0150] In FIG. 21, the autonomous vehicle decelerates to
make a speed difference of up to 17 km/h with respect to the
side-front vehicle in a distance control (DC) area, and this
speed difference is significantly greater than those in the
previous two scenarios. To find the reason of the signifi-
cantly great speed difference, the 11-second distance control
(DC) area may be divided into two areas, an initial two-
second area and a subsequent area. Deceleration of the
autonomous vehicle for initial two seconds increases the
relative speed to the side-front vehicle to about 10 km/h,
thus securing the safety distance to the side-front vehicle
(FIG. 20).

[0151] However, this deceleration worsens the safety dis-
tance to the side-rear vehicle, and thus the side-rear vehicle
comes close just beside the autonomous vehicle. Accord-
ingly, the autonomous vehicle may determine that it is
impossible to change a lane in the space between the
side-front vehicle and the side-rear vehicle as long as the
side vehicles maintain current movements and may thus
determine to change a lane after being positioned behind the
side-rear vehicle. Accordingly, the autonomous vehicle
additionally decelerates to make a speed difference of up to
17 km/h from the side vehicles, thus securing a safety
distance behind the side-rear vehicle.

[0152] Referring to FIG. 20, the relative distance of the
side-rear vehicle is changed from a negative value to a
positive value at 14 seconds, which means that the side-rear
vehicle passes the autonomous vehicle ahead. Accordingly,
a reference for the safety distance is also changed from a rear
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safety distance to a front safety distance. In addition, refer-
ring to FIG. 21, the autonomous vehicle accelerates from
about 15 seconds in the distance control (DC) area to reduce
the speed difference from the side vehicles. This movement
is appropriate because it is undesirable to have an excessive
speed difference from a vehicle in the lane to move to in a
situation where a lane change is subsequently performed.
Accordingly, the autonomous vehicle enters a time gap
following mode by gradually decelerating, that is, making
only a speed difference of up to 2 km/h from the side
vehicles, in a lane change (LC) area.

[0153] InFIG. 21, all three vehicles have the same relative
speed, because these three vehicles drive at the same con-
stant speed without being affected at all by the movement of
the autonomous vehicle.

[0154] Referring to graphs of FIG. 19 to FIG. 21, the
autonomous vehicle does not cause a risk to adjacent
vehicles and properly performs a lane change in the driving
situations of scenario 3, which is considerably difficult for
the driver.

[0155] In scenario 3, unlike scenario 2, since the safety
distances to the two side vehicles are not satisfied, the
autonomous vehicle determines that it is impossible to
change a lane in the space between the side vehicles and
performs a lane change after being positioned behind the
side-rear vehicle.

[0156] FIG. 22 to FIG. 24 illustrate a driving result
according to scenario 4 in FIG. 12.

[0157] Although a lane change is requested at 10 seconds
while the autonomous vehicle is following the preceding
vehicle with a time gap of 1.5 seconds, the side-rear vehicle
is approaching at a high speed to increase the risk level of
a lane change of the autonomous vehicle, and thus the
autonomous vehicle performs distance control and then a
lane change. FIG. 22 illustrates driving situations at 5
seconds, 14 seconds, 21 seconds, and 28 seconds, respec-
tively.

[0158] Referring to FIG. 23, for initial five seconds, the
side-rear vehicle is positioned 80 m or more behind the
autonomous vehicle, and thus a sensor of the autonomous
vehicle does not recognize the side-rear vehicle. The side-
rear vehicle is recognized from about 5 seconds, a rear safety
distance is significantly long in view of the high vehicle
speed of the side-rear vehicle compared to other scenarios,
and a safety distance to the side-rear vehicle is not secured
at 10 seconds at which the lane change is requested.
[0159] The autonomous vehicle determines that it is
impossible to change a lane in the space between the
side-front vehicle and the side-rear vehicle in view of the
relative distances to the side-front vehicle and the side-rear
vehicle and a safe area and thus performs distance control so
that the autonomous vehicle is positioned behind the side-
rear vehicle. The distance control (DC) is performed for
about 7 seconds, and then a lane change (LC) is performed
for about 6 seconds.

[0160] In FIG. 24, the autonomous vehicle decelerates
with respect to the side-front vehicle in the distance control
(DC) area to make a speed difference of up to 19 km/h,
which is the greatest value among those in the four sce-
narios. Due to this deceleration, the relative distance of the
side-rear vehicle rapidly decreases and then is changed to a
positive value at about 12.5 seconds, which means that the
autonomous vehicle is positioned behind the side-rear
vehicle. As the side-rear vehicle is positioned in front of the
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autonomous vehicle, the original side-rear vehicle is
switched to a side-front vehicle, which can be identified by
a slightly discontinuous change in a front safety distance
graph at 12.5 seconds in FIG. 23. The level of the discon-
tinuous change is not significant because, as shown in FIG.
24, the difference in speed between the side-rear vehicle and
the side-front vehicle at 12.5 seconds is about 4 km/h, which
is not significant. In addition, in FIG. 23, the rear safety
distance rapidly decreases after 10 seconds unlike in sce-
narios 2 and 3, because the degree to which the side-rear
vehicle rapidly decelerates to maintain a certain distance
from the side-front vehicle that becomes close during driv-
ing is much greater than the degree to which the autonomous
vehicle decelerates to perform distance control for a lane
change.

[0161] At the end of a distance control (DC) area, the
relative distances of all vehicles are above the front safety
distance, thus securing the safety distance. Accordingly, it is
considered that a movement for securing the safety distance
to the side vehicles is properly performed in scenario 4.
[0162] Inalanechange (L.C) area, the autonomous vehicle
performs a lane change by reducing the speed difference
from the side-rear vehicle traveling ahead of the autonomous
vehicle. After completing the lane change, the autonomous
vehicle is following the side-rear vehicle with a time gap of
1.5 seconds maintained.

[0163] Referring to graphs of FIG. 22 to FIG. 24, the
autonomous vehicle according to an embodiment of the
present disclosure does not cause a risk to adjacent vehicles
and properly performs a lane change in the driving situations
of scenario 4, which is unfavorable for a lane change and
may cause a serious accident.

[0164] In scenario 4, unlike scenario 1, when the side-rear
vehicle rapidly accelerates to approach with a significant
speed difference from the autonomous vehicle, the autono-
mous vehicle determines that it is impossible to change a
lane in the space between the side vehicles and performs a
lane change after being positioned behind the side-rear
vehicle.

[0165] FIG. 25 is a flowchart illustrating a method for
controlling an autonomous vehicle according to an embodi-
ment of the present disclosure.

[0166] Referring to FIG. 25, in operation 2510, a control
apparatus of the autonomous vehicle may control the
autonomous vehicle to travel on the basis of a distance from
a preceding vehicle in a travel lane in which the autonomous
vehicle travels or a preset speed.

[0167] In operation 2520, the control apparatus of the
autonomous vehicle determine the risk level of a lane
change on the basis of the speed of the autonomous vehicle,
the speed of a side vehicle traveling in a target lane of a lane
change, and the distance between the autonomous vehicle
and the side vehicle upon occurrence of a lane change
request. Here, the side vehicle may include a side-front
vehicle and a side-rear vehicle travelling in the target lane of
the lane change.

[0168] In an embodiment, the control apparatus of the
autonomous vehicle may determine a first safety distance
based on the side-front vehicle in proportion to the speed of
the autonomous vehicle, may determine a second safety
distance based on the side-rear vehicle in proportion to the
speed of the side-rear vehicle, and may then determine the
risk level of the lane change on the basis of the first safety
distance and the second safety distance.
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[0169] Here, the control apparatus of the autonomous
vehicle may determine the first safety distance on the basis
of the speed of the autonomous vehicle and a first result
value of the speed of the autonomous vehicle minus the
speed of the side-front vehicle. Further, the control apparatus
of the autonomous vehicle may determine the second safety
distance on the basis of the speed of the side-rear vehicle and
a second result value of the speed of the side-rear vehicle
minus the speed of the autonomous vehicle.

[0170] When determining the first and second safety dis-
tances, the control apparatus of the autonomous vehicle may
determine the first safety distance and the second safety
distance further on the basis of a first weight assigned to
each of the speed of the autonomous vehicle and the speed
of'the side-rear vehicle and a second weight assigned to each
of the first result value and the second result value. The first
weight and the second weight may be preset on the basis of
a change in the speed of the side-rear vehicle due to the lane
change of the autonomous vehicle and a change in the speed
of the autonomous vehicle due to deceleration of the side-
front vehicle during the lane change of the autonomous
vehicle.

[0171] Subsequently, the control apparatus of the autono-
mous vehicle may perform lateral or longitudinal control for
the lane change on the basis of the risk level.

[0172] Specifically, when determining that the risk level
indicates that there is a risk of the lane change in operation
2530, the control apparatus of the autonomous vehicle may
perform longitudinal control of the autonomous vehicle so
that the autonomous vehicle moves to a lane change-pos-
sible position in the travel lane in operation 2540.

[0173] Here, the control apparatus of the autonomous
vehicle may determine the lane change-possible position so
that the autonomous vehicle minimally moves in the travel
lane according to conditions related to the distance between
the autonomous vehicle and the side-front vehicle and the
distance between the autonomous vehicle and the side-rear
vehicle as constraint conditions. In this case, when a pre-
ceding vehicle is detected within the travel lane, the control
apparatus of the autonomous vehicle may determine a
position satisfying the constraint conditions in a rear range
of'the detected preceding vehicle as the lane change-possible
position.

[0174] In operation 2550, the control apparatus of the
autonomous vehicle may control the autonomous vehicle to
change a lane.

[0175] When determining that the risk level indicates that
there is no risk of the lane change in operation 2530, the
control apparatus of the autonomous vehicle may go to
operation 2550 and may control the autonomous vehicle to
change a lane.

[0176] In an embodiment, the control apparatus of the
autonomous vehicle may set a preceding vehicle or a side
vehicle as a target vehicle and may control the autonomous
vehicle on the basis of the target vehicle. Specifically, the
control apparatus of the autonomous vehicle may calculate
the target acceleration of the autonomous vehicle on the
basis of a required control distance, which is a distance that
the autonomous vehicle needs to move on the basis of the
target vehicle, the distance between the target vehicle and
the autonomous vehicle, the speed of the target vehicle, and
the speed of the autonomous vehicle and may control the
longitudinal speed of the autonomous vehicle on the basis of
the target acceleration.
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[0177] Here, the control apparatus of the autonomous
vehicle may calculate the target acceleration of the autono-
mous vehicle on the basis of a first distance between the
required control distance and the distance between the target
vehicle and the autonomous vehicle and a second distance
between the speed of the target vehicle and the speed of the
autonomous vehicle. Here, the distance between the target
vehicle and the autonomous vehicle and the required control
distance may be differently set depending on a driving
control mode of the autonomous vehicle.
[0178] In addition, in the LC mode in which the autono-
mous vehicle performs a lane change to the target lane, the
control apparatus of the autonomous vehicle may set a
virtual vehicle between the preceding vehicle and the side
vehicle on the basis of the degree of approach to the target
lane and may set the virtual vehicle as a target vehicle. In the
lane change, the control apparatus of the autonomous
vehicle may set the virtual vehicle between the preceding
vehicle and the side vehicle as the target vehicle to perform
delicate driving, thereby smoothly performing the lane
change of the autonomous vehicle without a collision with
an adjacent vehicle.
[0179] As used in the specification of the present disclo-
sure (especially in the claims), the term “the” and similar
references are to be construed to cover both a singular form
and a plural form. Furthermore, recitation of a range herein
is merely intended to cover a disclosure employing each
separate value falling within the range, and (unless other-
wise indicated herein) each separate value is incorporated
into the specification as if it were individually recited herein.
[0180] Operations of a method according to the present
disclosure may be performed in an appropriate order unless
explicitly stated or otherwise. The present disclosure is not
necessarily limited to the order in which the operations are
stated. All examples or exemplary language (e.g., such as)
used in the present disclosure is merely for the purpose of
describing the present disclosure in detail, and the scope of
the present disclosure is limited by these examples or
illustrative terms unless defined by the claims. Those skilled
in the art will appreciate that various modifications, changes,
and combinations can be made according to design condi-
tions and factors within the scope of the appended claims or
equivalents thereof.
[0181] Accordingly, the spirit of the present disclosure
should not be limited to the above-described embodiments,
and not only the claims to be described below but also
equivalents thereof or all ranges equivalently modified
therefrom are construed as belonging to the scope of the
spirit of the present disclosure.
What is claimed is:
1. An apparatus for controlling an autonomous vehicle,
the apparatus comprising:
a processor; and
a memory configured to be operatively connected to the
processor and to store at least one code performed at the
processor,
wherein the memory stores a code that, when executed by
the processor, causes the processor to
control the autonomous vehicle to travel on the basis of a
distance from a preceding vehicle in a travel lane in
which the autonomous vehicle travels or a preset speed,
determine a risk level of a lane change on the basis of a
speed of the autonomous vehicle, a speed of a side
vehicle traveling in a target lane of a lane change, and
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a distance between the autonomous vehicle and the side
vehicle upon occurrence of a lane change request, and

perform longitudinal or lateral control for the lane change
on the basis of the risk level.

2. The apparatus of claim 1, wherein, when it is deter-
mined that the risk level indicates that there is a risk of the
lane change, the memory stores a code that causes the
processor to perform longitudinal control of the autonomous
vehicle so that the autonomous vehicle moves to a lane
change-possible position in the travel lane.

3. The apparatus of claim 2, wherein the side vehicle
comprises a side-front vehicle and a side-rear vehicle that
travel in the target lane of the lane change, and

the memory stores a code that causes the processor to

determine the lane change-possible position so that the
autonomous vehicle minimally moves in the travel lane
according to conditions related to a distance between
the autonomous vehicle and the side-front vehicle and
a distance between the autonomous vehicle and the
side-rear vehicle as constraint conditions, and deter-
mine a position satisfying the constraint conditions in a
rear range of a detected preceding vehicle as the lane
change-possible position when the preceding vehicle is
detected within the travel lane.

4. The apparatus of claim 1, wherein the side vehicle
comprises a side-front vehicle and a side-rear vehicle that
travel in the target lane of the lane change, and

the memory stores a code that causes the processor to

determine a first safety distance based on the side-front
vehicle in proportion to the speed of the autonomous
vehicle, determine a second safety distance based on
the side-rear vehicle in proportion to a speed of the
side-rear vehicle, and determine the risk level on the
basis of the first safety distance and the second safety
distance.

5. The apparatus of claim 4, wherein the memory stores
a code that causes the processor to determine the first safety
distance on the basis of the speed (v,) of the autonomous
vehicle and a first result value of the speed (v,) of the
autonomous vehicle minus a speed (ug,) of the side-front
vehicle, and determine the second safety distance on the
basis of the speed (v,) of the side-rear vehicle and a second
result value of the speed (ug,) of the side-rear vehicle minus
the speed (v,) of the autonomous vehicle.

6. The apparatus of claim 5, wherein the memory stores
a code that causes the processor to determine the first safety
distance and the second safety distance on the basis of a first
weight assigned to each of the speed (U,) of the autonomous
vehicle and the speed (Ug,) of the side-rear vehicle and a
second weight assigned to each of the first result value and
the second result value, and

the first weight and the second weight are preset on the

basis of a change in the speed of the side-rear vehicle
due to the lane change of the autonomous vehicle and
a change in the speed of the autonomous vehicle due to
deceleration of the side-front vehicle during the lane
change of the autonomous vehicle.

7. The apparatus of claim 1, wherein the memory stores
a code that causes the processor to set the preceding vehicle
or the side vehicle as a target vehicle, calculate a target
acceleration of the autonomous vehicle on the basis of a
required control distance (C,), which is a distance that the
autonomous vehicle needs to move on the basis of the target
vehicle, a distance (c,,,,.,) between the target vehicle and the
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autonomous vehicle, a speed (v,,,,.,) of the target vehicle,
and the speed (v,) of the autonomous vehicle, and control a
longitudinal speed of the autonomous vehicle on the basis of
the target acceleration.

8. The apparatus of claim 7, wherein the memory stores

a code that causes the processor to calculate the target
acceleration of the autonomous vehicle on the basis of a first
distance between the required control distance (C,) and the
distance (c,,,,,,) between the target vehicle and the autono-
mous vehicle and a second distance between the speed
(Vyurger) Of the target vehicle and the speed (v,) of the
autonomous vehicle, and

the distance (c,,,,,.,) between the target vehicle and the
autonomous vehicle and the required control distance
(C,) are differently set depending on a driving control
mode of the autonomous vehicle.

9. The apparatus of claim 7, wherein the memory stores

a code that causes the processor to set a virtual vehicle
between the preceding vehicle and the side vehicle on the
basis of a degree of approach to the target lane and set the
virtual vehicle as the target vehicle in an L.C mode in which
the autonomous vehicle performs the lane change to the
target lane.

10. An apparatus for controlling an autonomous vehicle,

the apparatus comprising:

a processor; and

a memory configured to be operatively connected to the
processor and to store at least one code performed at the
processot,

wherein the memory stores a code that, when executed by
the processor, causes the processor to operate in any
one of i) an adaptive cruise control (ACC) mode of
performing longitudinal or lateral control of the autono-
mous vehicle on the basis of a distance from a preced-
ing vehicle in a travel lane in which the autonomous
vehicle travels or a preset speed, ii) a lane change (LC)
mode of determining a risk level of a lane change on the
basis of information about the autonomous vehicle and
information about a side vehicle traveling in a target
lane of a lane change upon occurrence of a lane change
request and performing longitudinal or lateral control
for the lane change on the basis of the risk level, or iii)
a distant control (DC) mode of performing longitudinal
control of the autonomous vehicle so that the autono-
mous vehicle moves to a lane change-possible position
in the travel lane on the basis of the risk level upon
occurrence of a lane change request.

11. A method for controlling an autonomous vehicle, the

method comprising:

Controlling, by a processor, the autonomous vehicle to
travel on the basis of a distance from a preceding
vehicle in a travel lane in which the autonomous
vehicle travels or a preset speed;

determining, by the processor, a risk level of a lane change
on the basis of a speed of the autonomous vehicle, a
speed of a side vehicle traveling in a target lane of a
lane change, and a distance between the autonomous
vehicle and the side vehicle upon occurrence of a lane
change request; and

performing, by the processor, longitudinal or lateral con-
trol for the lane change on the basis of the risk level.

12. The method of claim 11, wherein, when it is deter-

mined that the risk level indicates that there is a risk of the
lane change, the performing of the longitudinal or lateral
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control comprises performing longitudinal control of the
autonomous vehicle so that the autonomous vehicle moves
to a lane change-possible position in the travel lane.

13. The method of claim 12, wherein the side vehicle
comprises a side-front vehicle and a side-rear vehicle that
travel in the target lane of the lane change, and

the performing, by the processor, of the longitudinal

control of the autonomous vehicle so that the autono-
mous vehicle moves to the lane change-possible posi-
tion comprises determining the lane change-possible
position so that the autonomous vehicle minimally
moves in the travel lane according to conditions related
to a distance between the autonomous vehicle and the
side-front vehicle and a distance between the autono-
mous vehicle and the side-rear vehicle as constraint
conditions, and determining a position satisfying the
constraint conditions in a rear range of a detected
preceding vehicle as the lane change-possible position
when the preceding vehicle is detected within the travel
lane.

14. The method of claim 11, wherein the side vehicle
comprises a side-front vehicle and a side-rear vehicle that
travel in the target lane of the lane change, and

the determining, by the processor, of the risk level of the

lane change comprises determining a first safety dis-
tance based on the side-front vehicle in proportion to
the speed of the autonomous vehicle and a second
safety distance based on the side-rear vehicle in pro-
portion to a speed of the side-rear vehicle, and deter-
mining the risk level on the basis of the first safety
distance and the second safety distance.

15. The method of claim 14, wherein the determining
comprises determining the first safety distance on the basis
of the speed of the autonomous vehicle and a first result
value of the speed of the autonomous vehicle minus a speed
of the side-front vehicle, and determining the second safety
distance on the basis of the speed of the side-rear vehicle and
a second result value of the speed of the side-rear vehicle
minus the speed of the autonomous vehicle.

16. The method of claim 15, wherein the determining of
the second safety distance comprises determining the first
safety distance and the second safety distance on the basis of
a first weight assigned to each of the speed of the autono-

Feb. 2, 2023

mous vehicle and the speed of the side-rear vehicle and a
second weight assigned to each of the first result value and
the second result value, and

the first weight and the second weight are preset on the

basis of a change in the speed of the side-rear vehicle
due to the lane change of the autonomous vehicle and
a change in the speed of the autonomous vehicle due to
deceleration of the side-front vehicle during the lane
change of the autonomous vehicle.

17. The method of claim 11, further comprising:

determining, by the processor, the preceding vehicle or

the side vehicle as a target vehicle;

determining, by the processor, a target acceleration of the

autonomous vehicle on the basis of a required control
distance, which is a distance that the autonomous
vehicle needs to move on the basis of the target vehicle,
a distance between the target vehicle and the autono-
mous vehicle, a speed of the target vehicle, and the
speed of the autonomous vehicle; and

controlling, by the processor, a longitudinal speed of the

autonomous vehicle on the basis of the target accelera-
tion.

18. The method of claim 17, wherein the calculating of the
target acceleration of the autonomous vehicle comprises
calculating, by the processor, the target acceleration of the
autonomous vehicle on the basis of a first distance between
the required control distance and the distance between the
target vehicle and the autonomous vehicle and a second
distance between the speed of the target vehicle and the
speed of the autonomous vehicle, and

the distance between the target vehicle and the autono-

mous vehicle and the required control distance are
differently set depending on a driving control mode of
the autonomous vehicle.

19. The method of claim 17, wherein the setting of the
preceding vehicle or the side vehicle as the target vehicle
comprises setting a virtual vehicle between the preceding
vehicle and the side vehicle on the basis of a degree of
approach to the target lane and setting the virtual vehicle as
the target vehicle in an LC mode in which the autonomous
vehicle performs the lane change to the target lane.
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